Introduction
Japan has a variety of climate zones, including time and space (e.g., Storch et al. 1993; Willby et al. 1998) . Such a technique enables us to obtain detailed information about future climate at both temporally and spatially finer scales from climate models. For example, in Japan, Iizumi et al. (2006) examined the change in rice production in a future climate using daily surface maximum and minimum temperature, and daily solar irradiance data. Hara et al. (2008) argued that snow amounts below 500 m height will decrease under future global warming. In Europe, there have been many downscaling studies on social and economic issues associated with global warming. For example, Amelung and Moreno (2009) estimated the impact of future climate on tourism, using the TCI developed by Mieczkowski (1985) , which is estimated from meteorological surface data, and the authors argued that tourism in northern Europe will suffer in the future. The Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4) (IPCC AR4 2007) , identified the tourism sector as being sensitive to global warming. Future changes in tourism will be strongly related to climate change. The present research is the first to examine possible changes in tourist activity in Japan under future climate conditions. Using the downscaling method, we estimate TCI of local areas in Japan to infer possible changes in tourist activity. As mentioned above, TCI is defined using only meteorological variables. The remainder of this manuscript is organized as follows. We describe the methodology and data in Section 2 and present the applicability of TCI in Japan under the present climate in Section 3. The response of TCI to future climate change using climate model data is discussed Section 4, and summary and conclusions are given in Section 5.
Methodology

The Tourism climate index
We first describe TCI, which was introduced by Mieczkowski (1985) , to evaluate the effect of meteorological conditions on tourism. The index is calculated using monthly averaged meteorological surface data. Another index is proposed to discuss meteorological conditions for the tourism industry. Yu et al. (2009) developed another index, the Modified Climate Index for Tourism (MCIT), which is calculated using daily temperature, wind, weather information, and visibility. They used it in a study of tourism in Alaska and Florida. Although this index can be used for daily tourism conditions, it is not suitable for application to future climate data because daily data are not available for the CMIP3 models in general. Note that recent CMIP5 models provide daily data, which enables a more detailed comparison; this will be the subject of a future study.
TCI is based on the physiological reaction of a human body to climate. Effective temperature (Gagge et al. 1986 ) is generally used to represent the temperature felt by a person. Mieczkowski (1985) formalized TCI by adding the influence of rain, wind, and solar radiation to the effective temperature. These effects are important for tourists when taking part in outdoor activities.
TCI is determined only by meteorological conditions and is expressed as the sum of five subindices related to comfort: (1) daytime effective temperature (CID: calculated from the daily maximum temperature and daily minimum humidity), (2) daily average effective temperature (CIA: calculated from daily mean temperature and humidity), (3) rain (R: monthly total precipitation), (4) sunshine hours (S), and (5) wind (W). Effective temperature is calculated by using the method proposed by Gagge et al. (1986) . Each indes has a score between -3 and 5 points (see Table 1 ). Using these five indices, TCI is expressed as follows.
When all indices have the value 5, TCI is equal to 100. Since tourist activity is high during daytime, the effective temperature in the daytime is thought to be the main factor influencing TCI. Secondary factors are precipitation (R) and hours of sunshine (S). These indices are estimated from monthly averaged data.
The most comfortable temperature zone is set to 20-27 °C. If the effective temperature deviates from this temperature zone, CID or CIA fails. Less rain and more solar insolation are both considered as more comfortable. The valuation method for the wind index (W) changes with temperature: windy conditions are considered comfortable for high temperatures but uncomfortable for lower temperatures owing to the wind-chill effect. TCI of 50 and above is considered suitable for tourists. The above definition was chosen by Mieczkowski (1985) for his study but should also be applicable for different target areas or countries. We use the original definition of TCI and examine how it explains the distribution of tourists in Japan.
Globe temperature (Tg) and radiation temperature (Tr) are required for the calculation of effective temperature. The following empirical formulae (Horie and Fujiwara 2009) 
where ε and d are the emissivity and diameter of the sensor, respectively. We used following standard value of ε = 0.95, and d = 0.15 [m] .
Data
To calculate TCI under the present climate, we considered surface meteorological data from 156 JMA observatories that are located at intervals of approximately 40 km on average and for which hourly data are available. At some observatories, sunshine hours are not observed; hence, we only used data from the 66 observatories that observe sunshine hours to calculate TCI.
We used future projection data from climate models to calculate TCI under a future climate. First, we used high spatial and temporal resolution data from the Model for Interdisciplinary Research on Climate 3.2 (MIROC-3.2) (Hasumi and Emori 2004) . The horizontal resolution of this model is 1.125°, and we used surface data at 3-hour intervals. The future data are based on scenario A1B of IPCC AR4, (IPCC AR4 2007) . Hereafter, we refer to these data as MIROC. hires.1. In this study, we used the data between 1998 and 2007 for the present climate, and between 2041 and 2050 for future climate. Five publically available climate model datasets from the Coupled (1) Instead of the surface specific humidity, which is not available in CMIP3, we used 1000 hPa specific humidity data. Since CMIP3 data are archived in the form of daily averages, the daily maximum temperature and minimum humidity data are not available. Therefore, we used the JMA observations of the present climate to construct the relationships between daily mean and maximum temperatures, and between daily mean and minimum humidities for each month at all the observatories using the JMA data. We produced daily mean temperature and humidity data using the downscaling technique described in Section 4, and applied the relationship obtained above to generate daily maximum-temperature and daily minimum humidity data. (2) For MIROC.hires.1, we used the data for the period between 2041 and 2050 as the future climate data; however, since no data are available before 2046 in CMIP3 data, we regarded the data for the period 2046-2055 as future climate data. TCI is compared for the common period of 2046-2050 for MIROC.hires.1 and CMIP3 data. As for the CMIP3 data, we constructed the statistical relationship by using the twentieth-century historical experiment (20C run) for the period 1991-2000 and the JMA observational data for the period 1998-2007. Note that these two datasets cover different periods. (3) The data at 1000 hPa are used for the calculation of TCI using CMIP3 data. Therefore data is absent in some areas where the topography is elevated, such as the Tohoku and Chugoku districts.
As mentioned previously, solar radiation is not observed at some observatories. In addition, the sunshine hours data are not archived for CMIP3. In this study, the following empirical rules (Kondo 1994) were used to estimate the sunshine hours from solar radiation data. Here, Ioo, θ, φ, ζ, and h are solar constant, zenith angle, latitude, celestial declination, and hour angle, respectively; d and do are the distance and average distance from the Sun to the Earth, respectively; η is a day number parameter (e.g., February 2 correspond to i = 32), and M is month (from 1 to 12) and DAY is the date within each month. It should be noted that sunshine hours include the effects of clouds, because global solar irradiance data used in this calculation include the effects of clouds. We compared estimated sunshine hours with observatory data. Differences lay mainly in the range 0.4-1.5 hours, with the largest differences observed at higher latitudes (2.0 hours maximum). This difference corresponds to 2 points in TCI value, and the effect is considered as small.
N
To compare TCI with the actual number of tourists, we use data at the 38 tourist resorts listed in Table 2 . These data are annual total number of tourists at the respective locations. We also use the monthly tourist resort data at Morioka city (141.09°E, 39.7°N) from 1989 to 2007. This is a unique dataset because monthly tourist number data are not generally available at most of the locations.
The statistical downscaling method used in this study is based on Iizumi et al. (2011) and will be described in Section 4. This method corrects the model bias using the observation. We will calculate the variation of TCI for future climate condition using the output from several climate models.
TCI under the present climate condition
Overall distribution in Japan
We calculate TCI at the JMA observatories. First, to 21°N 1989-2007 1989-2007 1989-2007 1989-2007 1989-2007 1989-2007 1989-2007 1989-2007 1997-2007 1989-2007 1989-2007 1989-2007 1989-2007 1989-2007 1996-2007 1996-2007 1998-2007 1998-2007 1998-2007 1998-2007 1989-2007 1994-2007 1991-2007 1989-2007 1989-2007 1994-2007 1997-2007 1997-2007 1997-2007 1990-2007 1990-2007 1998-2007 1989-2007 1989-2007 1989-2007 1989-2007 1989-2007 1989-2007 give a general impression of each factor constituting to TCI, Table 3 shows annually and seasonally averaged values of CID, CIA, R, S, and W averaged over all the observatories. CID is about 3°C warmer than CIA. Rain and sunshine hours are low (high) in winter (summer). There is a small seasonal variation in wind speed (about 3 m s -1 ), with slightly weaker winds in the summer. Figure 1 shows the horizontal distribution of CID, rain, and sunshine hours for the JMA observatories annually averaged between 1998 and 2007. CID is colder than 15 °C (warmer than 15 °C) over most of the four main islands of Japan north of 30°N (south of 40°N) in DJF (JJA). In JJA, CID is as low as 21 °C at some observatories, but this is because of altitude (e.g., Nikko, Asosan). In DJF, precipitation is heavier over the observatories facing the Sea of Japan, because persistent low cloud develops over the Sea of Japan and leads to heavy snowfall in this season (Ohtake et al. 2009 ). In JJA, rainfall is high over most of Japan, except north of 40°N, because of the Meiyu-Baiu front (e.g., Ninomiya 2009; Shibagaki et al. 2000) . Sunshine hours are longer (shorter) in JJA (DJF), and regional differences in sunshine hours and wind are small. Figure 2 shows the horizontal distributions of TCI for the four seasons. In DJF, TCI is less than 40 over all four main islands of Japan north of 30°N and is only higher than 40 in the Ryukyu islands at latitudes south of 30°N. Horizontal distributions of TCI in MAM and SON are similar, and TCI increases as latitude decreases. In JJA, TCI increases with latitude and is more than 50 (i.e., comfortable) north of 35°N. The areal fields and the seasonal change in TCI are almost consistent with those of comfortable effective temperatures (CIA and CID). TCI is low at observatories where the effective temperature lies outside the range 20°-27°C (see Table 1 ).
Comparison between the TCI and number of tourists a. Monthly data at Morioka City
In this section, we compare TCI values with monthly data for tourist numbers at Morioka. We chose Morioka because monthly data for tourist numbers are available for a relatively long period between 1989 and 2007. In addition, Morioka is a typical and popular tourist destination without special factors or events, so meteorological effects are likely to be more directly related to tourist numbers. We use meteorological data at Miyako (141.6°E, 39.4°N), which is the JMA observatory closest to Morioka, to calculate TCI. Although the two sites are geographically close, we need to account for the difference in locations: Morioka is located inland and Miyako lies on the Pacific coast. However, since we compare monthly average values, we think that the meteorological conditions are not too different. Figure 3a compares monthly tourist number at Morioka and TCI at Miyako for the period 1989-2007. Note that the data between October and December 1998 at Miyako are missing. At first, both tourist numbers and TCI have a similar and clear seasonal variation: they are low in winter (DJF) and high in summer (JJA). This characteristic is clearly seen in the scatter diagram shown in Fig. 3b . Although it was expected that tourist numbers in winter would be affected by winter sports such as skiing, the data do not show a clear signal. Tourist number increase in summer and clearly correspond to the seasonal cycle of CIA and CID (see Fig. 2b ). Standard deviation in tourist numbers also increases in summer (about 30 thousand tourists) compared with winter (about 25 thousand tourists) (Fig. 3b) . In particular, the standard deviation is highest in May and June, with a value reaching 35 thousand tourists. Since the decrease in tourists in winter might be explained by difficulties in access resulting from heavy snowfall, our discussion is limited to the summer season. The correlation coefficient between tourist numbers and TCI in Fig. 3a is 0.50. The seasonal cycle in tourist numbers clearly changes around 1997 or 1998. Figure 3c shows the annually averaged monthly variation in tourist numbers and TCI. Tourist numbers peak in May, August, and October. However, in May and October, the number of tourists fails by 40 thousand in the period 1998-2004 compared with 1989-1997 (not shown). Such a large difference is not seen in any other month. Note that TCI shows no clear difference between these two periods. Therefore, we conclude that this difference is not caused by meteorological conditions, but by other factors, such as economic influences. Next, to investigate the relationship between each meteorological index (e.g., CIA, CID) and tourist numbers, we examine the interannual time variation of these variables. Because the change in tourist numbers after 1998 is not related to meteorological conditions, we only use the data for the period 1989-1997 in this analysis. We found small interannual variations for CIA, CID, sunshine hours, and wind (not shown). Therefore, it is thought that these meteorological indices are not related to the interannual change in tourist numbers (see Figs. 3a and 3b ). However, a large interannual variation is found in rain (monthly total precipitation), so it is possible that rain affects the tourist numbers. Figure 4 compares rainfall and tourist numbers for the period 1989-1997. Tourist numbers decrease as rain increases in warmer seasons from April to October, except for July and August. In particular, this correlation is clearest in April, June, and October (Fig. 4) . According to the linear regression coefficient for each month (not shown), tourist numbers are expected to decrease by about 20 thousand when total monthly rainfall increases by 100 mm. In the summer at Morioka, the average tourist numbers are 35.2 thousand and the maximum rainfall exceeds 300 mm. Thus, the rainfall results in a reduction in tourist by about 60 thousand, which is about 17% of the total. Note that for July and August, the change in tourist numbers is not clearly related to the change in rainfall. These two months correspond to the long vacation in Japan, and it is thought that at this time social influence has a greater effect than meteorological factors on tourist numbers.
We found a clear relationship between tourist numbers and TCI at Morioka and also that rainfall is a major factor controlling tourist numbers in the warm season. However, we should view these results with caution. The meteorological data used in this section are based on monthly averages. Although there are more tourists during holidays and the long vacation, this analysis does not include such factors. The effect of rainfall might be examined more precisely if daily data for the rainy season (June and July) were available. Nevertheless, this is the first study to evaluate the influence of meteorological factors on tourist numbers for a city in Japan, so the relation found with the monthly data is encouraging.
b. Annual data at major tourist resorts
In this section we use the annual total number of tourists visiting the major tourist resorts listed in Table 2 to examine the relationship with TCI. Before proceeding to the analysis, we note that the annual data tend to show a weaker relation between TCI and tourist numbers than the monthly data, analyzed in the previous section for Morioka city. For example, the correlation coefficient changes from 0.5 for the monthly data to 0.34 for the annually averaged data at Morioka city. Details of the seasonal variation of effective temperature are missing (see previous section) and the amount of data has been reduced. Figure 5a shows the horizontal distribution of correlation coefficients between tourist numbers at resorts (listed in Table 2 ) and TCI at the observatories geographically closest to those resorts. Resorts that show a positive correlation at a statistically significant level are found in the Tohoku district (Osorezan (Fig. 5b) , Tsukimino forest park) and The ChugokuShikoku district (Tsurugizan (Fig. 5c) , Bihoku hill park). Sunshine hours and rain are factors that increase the correlation coefficients. It is thought that since these resorts are in mountainous areas or in natural parks, the weather greatly affects tourist numbers. There are also resorts with a statistically significant negative correlation caused by a clear decrease in tourist numbers in the second half of the 1990s. Other non-weather factors, such as economic conditions might be responsible for this decrease. It is clear that a full quantitative explanation of the variations in tourist numbers is a difficult challenge.
TCI under a future climate
In this section, we apply the cumulative distribution function (CDF)-based statistical downscaling method proposed by Iizumi et al. (2011) to the CMIP3 data for the future climate scenario, and discuss how TCI over Japan will change in the future. Iizumi et al. (2011) compared four dynamical downscaling methods and a statistical downscaling method for the characteristics of precipitation over Japan. Although each downscaling method has its particular strengths and weaknesses, the seasonally averaged precipitation calculated from the statistical downscaling is in good agreement with observations. The dynamical downscaling methods tend to simulate fewer rain days in the summer season. As discussed in Section 2, TCI consists of five meteorological indices. Since the indices which constitute TCI suffer from the same bias as would the dynamical models, dynamical downscaling is not necessarily superior to statistical downscaling. Although it is better to use an ensemble mean of many dynamical models to reduce uncertainties, this requires considerable computer resources. The statistical downscaling method also has a weakness: it can not determine which weather phenomena are related to the change in TCI. However, this method requires fewer computer resources makes obtaining results using different climate models easier. Since the purpose of this study is to examine the applicability of TCI, we use the less computationally demanding, statistical downscaling method.
Here, we introduce the CDF-based method. First, we relate observation to climate model data under present-day conditions. We create a CDF for a target variable using the observations (from the JMA observatories in this study) and climate model (MIROC.hires.1) data. Figure 6 shows the CDFs of monthly total precipitation calculated from MIROC.hires.1 and JMA observatories between 1998 and 2007. In this figure, the CDFs are produced by using data from all the observatories (66 points). In Fig. 6 , the two curves cross at about 200 mm and 80% cumulative frequency, indicating that precipitation heavier than 200 mm is more frequent in the model. Precipitation in the domain exceeds 200 mm (in the horizontal axis), and more precipitation is found in the observational data. Next, we create a CDF for future climate using climate model data. Then, by adding the difference between CDFs of observations and model data under the present-day climate, we obtain the bias-corrected CDF for future climate. Finally, using the bias-corrected future CDF and the time series of future climate model data, we obtain the corresponding bias-corrected time series for future climate. For other variables, we use the same downscaling method. We investigated the model (MIROC. hires.1)-observed (JMA observation) discrepancies for TCI under present-day climate (not shown). The distributions of model's present-day TCI values are very similar to those compared with observationally-derived TCI (Fig. 1) , especially in DJF and SON. In DJF and SON, the future change of the model-derived TCI is much larger than the model-observed discrepancies of TCI under the present-day condition, suggesting the robustness of the future change of TCI. In MAM and JJA, the model shows a relatively larger bias under the present day condition. Since any model has some biases, we eventually introduce a correction method such as the cumulative pdf approach used in this study, together with the use of the model ensemble data to obtain a more reliable result. This statistical relationship is created for the six climate models (see Section 2.2) using data from the observatories. We discuss the importance of the bias-correction briefly. The bias-corrected TCI values from the models agree perfectly with the observed values under the present climate condition when considering the annual average. However, the seasonal dependence is not taken into account in the method used to calculate the CDF, so that the seasonal maps would show a slight difference. However, we found the difference to be very small.
The lower part of Table 3 shows the annually and seasonally averaged variables calculated from MIROC. hires.1 for future climate. A comparison with data under the present condition, Table 3 upper shows that CIA and CID increase by about 3°C in the future. In particular, the increase in CIA in JJA reaches about 4°C. Rainfall generally increases, especially for JJA, but decreases by about 15 mm for SON. Kimoto (2005) investigat ed changes in precipitation around Japan using the MIROC and coupled general circulation models (CGCMs), and argued that precipitation decreases in DJF because it is associated with weakening of the monsoon circulation, and that it increases in JJA because of it is associated with the strengthening of east Asian monsoonal rain band. In our study, while rain scarcely changes in DJF, the increases in JJA are consistent with Kimoto (2005) . The difference between our result and Kimoto (2005) in DJF may be caused by the downscaling method used in this study. In our study, the increase in rain is small because of bias correction. Sunshine hours increase in all seasons except for JJA. In DJF and MAM, while rain increases, sunshine hours increase; this may be due to an increase in shorter-duration rains. Wind shows no clear difference. Figure 7 shows the horizontal distribution of the difference in CID, rain, and sunshine hours calculated from MIROC.hires.1 between the future and present climates in DJF and JJA. CID increases in both DJF and JJA throughout Japan. In particular, the increase is large at higher latitudes. In DJF, precipitation decreases on the Sea of Japan coast; this might be related to a possible weakening of the flow over the Sea of Japan in winter. Rainfall increases throughout Japan in JJA, particularly in the Kinki and Shikoku districts. Sunshine hours increase by about 1 hour on the Sea of Japan coast, and by about 2 hours or more in the remaining domains. Since rain generally increases by about 30 mm, it is suggested that the duration of rainfall decreases in these areas. Sunshine hours in JJA decrease throughout Japan except for higher latitudes. Figure 8 shows the horizontal distribution of the difference in TCI between the present climate calculated from the data at the JMA observatories and for future climate calculated using MIROC.hires.1 with the CDF-based method. Figure 9 also shows how TCI changes at major cities over Japan from the present to future climates. TCI mainly increases at lower latitudes because the temperature increases and the effective temperatures (CIA and CID) move into the comfortable range. Although the area where TCI exceeds 50 is restricted to latitudes south of 25°N in the present-day climate, it spreads northward in future climate (see also Fig. 9a : Kochi, Kagoshima, Naha). In JJA, TCI decreases throughout Japan except for the Hokkaido district (Asahikawa) (see also Fig. 9b ). Such decreases in TCI are caused by the increase in temperature, and thus by the shift of CIA and CID into the uncomfortable range. Moreover, in the Kinki district, TCI is further reduced because of the increase in rainfall (see also Fig. 9b : Nara TCI. However, the standard CMIP3 do not contain detailed surface data, such as sunshine hours, as discussed in Section 2. Furthermore, the values of CIA and CID calculated from MIROC.hires.1 tended to be low for observatories at high altitude (not shown).
In addition, the difference in the time periods gives a difference in meteorological indices such as rainfall, as confirmed by the comparison between MIROC. hires.1 and MIROC.hires.2; MIROC.hires.1 provides 3-hourly data while MIROC.hires.2 provides daily data. Figure 10 shows the horizontal distributions of the difference in TCI between MIROC.hires.1 and MIROC.hires.2. At about half of the observatories, the difference in TCI is less than 10 in all seasons. The MIROC.hires.2 TCI is smaller than that of MIROC. hires.1 in the domain enclosed by the square labeled (1) in Fig. 10a , since MIROC.hires.2 has more rainfall. In other areas, TCI is higher for MIROC.hires.2 because there is less rainfall. In MAM and SON, TCI increases throughout Japan because of drier conditions. However, TCI decreases at lower latitudes because the effective temperatures, CIA and CID, increase (shown by the domains (2) and (4) in Figs. 10b and d, respectively). In JJA, TCI increases in the domain enclosed by the square labeled (3), because rainfall decreases and the effective temperature falls. To summarize, TCI tends to be higher with MIROC.hires.2 data. In particular, the difference tends to be higher at more northerly latitudes for all the seasons except DJF. The results using CMIP3 data in Fig. 9 show that the change in average TCI value from the present to future climates is similar in MIROC.hires.1 and CMI3 data (6-model averages). TCI tends to increase in DJF and decrease in JJA throughout Japan for future climate, although the number of observatories where TCI exceeds 50 is small for future climate. In general, the standard deviation of TCI is higher in DJF than JJA. In particular, it is higher at higher latitudes, because of the difference in effective temperatures among the models. The low standard deviation at lower latitudes in both DJF and JJA indicates that the future TCI has lower uncertainties at lower latitudes.
Summary and concluding remarks
We discussed the change in tourism at a city level over Japan considering future climate using a statistical downscaling method. We introduced TCI to estimate the effects of meteorological conditions on the tourism industry in Japan. We examined the characteristics of TCI over Japan using JMA observational data. This index is evaluated from monthly averaged meteorological data. The areas where TCI exceeds 50 (suitable for tourists) are found in the Kyusyu-Shikoku districts and Ryukyu islands in MAM and SON, and in the northern part of Japan (e.g., Hokkaido district) in JJA, under the present-day climate. In these areas, CIA and CID, which contribute to TCI, have values corresponding to a comfortable zone. This result was consistent with expectations.
We compared TCI with tourist numbers at Morioka city. There is a clear seasonal cycle: tourist numbers are higher in the summer season and decrease in the winter season. This seasonal cycle is also seen in TCI, and the correlation coefficient is 0.5. The standard deviation of tourist numbers is also high in the summer season. We found that the interannual variation of rainfall and number of tourists are high and that rainfall influences the number of tourists; the contribution of rainfall to the number of tourists is approximately 17% at maximum. We also compared the annual total tourist number at 38 tourist resorts with annually averaged TCI from the closest observatory to each resort. Statistically significant correlations were found in the Tohoku and Chugoku-Shikoku districts. These tourist resorts are located in parks or mountainous areas, and changes in rain and sunshine hours have a strong influence on TCI. The change in tourist numbers can be evaluated using TCI even though it depends on place and time. Some deviations are also found between TCI and the tourist number. Other non-weather factors, such as economic conditions, might be responsible. It is clear that a full quantitative explanation of the variations in tourist numbers is a difficult challenge including non-weather factors.
We applied a statistical downscaling method to data from six climate models to calculate TCI for future climate. Although JJA is the most suitable season for tourists under the present climate, JJA will become an uncomfortable season for tourists. The number of sites where TCI exceeds 50 will generally increase in MAM and SON. These results show that spring and autumn may become the preferred seasons for tourists. Using CMIP3 data, the standard deviation of TCI for future climate becomes higher in DJF than in JJA. In particular, the standard deviation (i.e., the uncertainty) increases with latitude. This is caused by the spread in effective temperatures among the climate models. At lower latitudes, the standard deviation of the effective temperatures decreases in both DJF and JJA, indicating that the predictions of change in effective temperature are more reliable at lower latitudes. In this study, we have applied TCI to Japan for the first time, and we investigated the characteristics of TCI for present and future climates. Although the change in tourist numbers is consistent with the change in TCI, it is possible that a more appropriate TCI for Japan can be constructed. Future work will involve developing such an index. Because tourists are influenced by shorter time-scale weather conditions, such as tropical cyclones or low atmospheric pressure, it would be better to use an index based on shorter-term data rather than to use TCI (which uses monthly averages). Our approach using TCI also isolates model characteristics from a unique perspective. Comparison between TCI calculated from models and TCI calculated from observations gives a new view-point of model biases. Use of TCI reveals the characteristics of climate that affect tourism. Other indices derived from meteorological conditions, as well as TCI, can be used to improve the climate models themselves.
